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EXECUTI VE SUMVARY
The aquatic plant community in Lake Hallie is of average quality
for Wsconsin | akes and is characterized by average diversity,
abundant plant growmh and a greater than average di sturbance
tol erance. Because of the good water clarity and shal |l ow basin,
vegetation can colonize the entire | ake.

As a shall ow water resource, Lake Hallie will naturally support
abundant plant growh. The aquatic plants in shallow | akes
provi de habitat, protect the | ake bottom from resuspensi on of
sedi nents and conpete with algae for nutrients. Wthout the
aquatic plant community, a shallow | ake can becone turbid.

Lake Hallie is characterized by good water quality, fair water
clarity, periodic planktonic al gae bl oonms and abundant
filamentous al gae. The dense growth of aquatic vegetation is

i ndicative of a eutrophic |ake. Although the aquatic plants in
Lake Hallie provides inportant benefits, the dense growh can

hi nder recreational use of the | ake, consune oxygen during the

wi nter through deconposition of the plant material and conprom se
the fishery by hindering the novenent of predatory fish and
overprotecting prey fish. Lake Hallie will likely always require
managenent for plants, but nmanaging with the goal of producing a
comunity of sparse plant growth would be detri nental

El odea canadensi s has been the dom nant species within the plant
community and Pot anbgeton crispus is sub-dom nant during its peak
growh in June. Wl ffia col unbi ana becane the dom nant species
i n August 2001.

The aquatic plant comunity has undergone significant changes
since 1991. Since a nechanical harvesting programwas began in
2000, water clarity has increased, the dom nance of Potanbgeton
crispus has decreased, disturbance indices have decreased, the
nunber of species has increased and a plant species that are
val uabl e as habitat conponents have increased.

Managenment Reconmendations for Lake Hallie Lake Associ ation

1) Preserve and expand buffer zones of native vegetation around
the | ake shoreline; replace nowed awn with a buffer of
natural, non-nmowed vegetation at |east 50 feet deep.

2) Cooperate with programs to manage run-off in the watershed.

3) Develop an aquatic plant management plan. Include mechanisms
for plant modification as the plant community changes.

4) Develop a lake association budget that will provide funds for
repair and maintenance of the plant harvester and pay
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harvester operators.

Harvest during the early season to remove curly-leaf pondweed
biomass from the lake before the early summer die-off and
nutrient rel ease.

Harvest channels in dense plant beds in mid and late summer to
improve habitat and boat access and reduce amount of
vegetation decomposing in the winter under the ice.



| . | NTRODUCTI ON

Studi es of the aquatic macrophytes (plants) in Lake Hallie were
conducted during July 1991 and during June and August of 1998 and
2001 by Water Resources staff of the West Central Region -
Departnent of Natural Resources (DNR). These studies were
primarily conducted to determ ne changes in the dom nance of

Pot anbget on crispus (curly-Ileaf pondweed) and to provide
information that the Lake Hallie Lake Association could use in
formul ati ng a managenent plan for the curly-Ileaf pondweed and
eval uati ng managenent success.

The study will also provide information that is inportant for

ef fective managenent of other aspects of the |ake, including fish
habitat inprovenment, protection of sensitive wildlife areas and
wat er resource regul ations. The added data that it provides wll
be conpared to past and future plant inventories and track
changes occurring in the | ake.

A study of the diversity, density, and distribution of aquatic
plants is an essential conponent of understanding a | ake due to
the inmportant ecological role of aquatic vegetation and the
ability of the vegetation to characterize the water quality
(Denni son et al. 1993).

Ecol ogical Role: Al other life in the | ake depends on the
plant life (including algae) - the beginning of the food chain.
Aquatic plants provide food and shelter for fish, wildlife, and
the invertebrates that in turn provide food for other organi sns.

Plants inprove water quality, protect shorelines and | ake
bottons, add to the aesthetic quality of the |ake, inpact
recreation, and serve as indicators of water quality.

Characterize Water Quality: Aquatic plants serve as
i ndicators of water quality because of their sensitivity to water
quality paraneters, such as water clarity and nutrient |evels
(Denni son et. al. 1993).



Background and History: Lake Hallie is a 79-acre oxbow | ake near
t he Chi ppewa River in Chippewa County, Wsconsin. The maximm
depth of Lake Hallie is 11 feet. Lake Hallie was once a bend in
t he Chi ppewa Ri ver that became cut-off. The northeast end of the
| ake has been conpletely cut off fromthe Chippewa River, but the
west end of the lake still drains into the Chippewa River

Springs contribute water to the | ake and the dam controls and

mai ntai ns the water |evel.

The | ake was used as a log reservoir for saw m || operations
during the md- to late-1800's. The sawm || closed in 1890 and
the | ake becane a recreational site. By 1990, the dam had
deteriorated and needed to be repaired or renoved. The dam
repair at Lake Hallie was conpleted Cctober 1997.

There are records of conplaints pertaining to disagreeabl e odors
fromal gae growmh, as early as 1952. Swinmer's itch was reported
in 1970. Algae/swinmer's itch treatnments with copper sulfate
were attenpted for a few years (Table 1). Copper conpounds have
no long-terminpact on the al gae and require continuous
treatments. Continual copper treatnents becone expensive and
result in a build up of copper in the sedinent. The copper
contam nat ed sedinments are toxic to sone aquatic animal s.

Table 1. Chem cal Treatnents for Al gae Control.

Copper

Sulfate
1972 500
1973 250
1974 400
Totals 1150

In April 1998, a | ake association was fornmed to address current
i ssues and protect the |ake.



In 2000, an 18-acre parcel of |and was partially donated by
Anmerican Materials and partially purchased by the | ake
association, with grants and noneys from W sconsin DNR and
Chi ppewa County, to protect the wetlands and springs at the
nort heast end of the | ake.

In 2000, the | ake association also received a grant to purchase a
used aquatic plant harvester and started a harvesting program for
curly-leaf pondweed. The main goal was to reduce the coverage
and density of Potanpgeton crispus in Lake Hallie and reduce the
severity of the algae bloons that occur as the P. crispus decays.
O her goal s are:

1) Renove nutrients fromthe | ake by harvesting plant materi al
before the plant material dies and rel eases nutrients to the
wat er .

2) Inprove water quality resulting fromreduced nutrient rel ease
whi ch may eventually lead to the gromh of species that are
i ntol erant of poor clarity, creating a nore diverse pl ant
community that can support nore diversity in the fish and
wildlife community.

3) I'mredi ately increase accessibility of nore areas in the |ake
to navi gati on.

4) Modify the habitat by cutting openings in the dense plant
beds to increase the success of predatory fish and pronote a
nore bal anced fish comunity.

5) Renove part of the curly-Ileaf pondweed fromthe | ake and
hanper its cycling of nutrients fromthe sedinents to the
wat er .

6) Open areas in dense beds of curly-leaf to encourage species
i ntol erant of shading and therefore increase plant diversity.

During the winter of 2000-01, anglers reported sonme dead fish
under the ice in Lake Hallie. Dissolved oxygen, tested in
January 2001, was recorded at |ess than 5ng/l over nost of the

| ake and | ess than 2ng/l in nore than half of the lake. This is
bel ow the water quality standards for fish (5ng/l). Decay of the
abundant aquatic vegetation is likely contributing to the | oss of
oxygen in the winter. Aeration has been used to correct the
situation; renoval of flashboards to pull water with | ow

di ssol ved oxygen off of the bottomof the | ake al so appeared to
keep oxygen | evel s higher.



1. METHODS

Field Methods

The sane nethods and sanpling sites were used for the 1991, 1998 and 2001
aquatic plant studies, based primarily on the rake-sanpling nmethod devel oped
by Jessen and Lound (1962). Transects (16) were place equidistant along the
shoreline, perpendicular to the shoreline and mapped.

One sanmpling site was randomy | ocated in each depth zone (0-1.5ft, 1.5-5ft,
5-10ft, and 10-20ft) al ong each transect. Using a |ong-handled, steel

t hatching rake, four rake sanples were taken at each sanpling site. The four
sampl es were taken from each quarter of a 6-foot diameter quadrat. The
aquatic plant species that were present on each rake sanple were recorded and
each species was given a density rating (0-5) based on the number of rake
sanples on which it was present at each sampling site.

A rating of 1 for each species present on one rake sanple;

A rating of 2 for each species present on two rake sanpl es;

A rating of 3 for each species present on three rake sanples;

A rating of 4 for each species present on four rake sanpl es;

A rating of 5 indicates that a species was abundant on all rake sanples at
that sanmpling site

The sedi ment type at each sanpling site was recorded. The type of shoreline
cover was recorded at each transect. A section of shoreline, 50 feet on
either side of the transect intercept with the shore and 30 feet back fromthe
shore, was evaluated. The percentage of each cover type within this 100" x
30" rectangle was recorded.

Vi sual inspection and periodic sanples were taken between transect lines in
order to record the presence of any species that did not occur at the sanpling
sites. Specinmens of all plant species present were collected and saved in a
cooler for later preparation of voucher specinmens. Nonenclature was according
to d eason and Cronqui st (1991).

Dat a Anal ysis

Data from each survey was anal yzed separately and conpared. The percent
frequency of each species was cal cul ated (nunber of sampling sites at which it
occurred / total number of sanpling sites) and relative frequency was

cal cul at ed based on the nunber of occurrences of a species relative to tota
occurrence of all species (Appendix I-V). The mean density was cal cul ated for
each species (sumof a species' density ratings / nunber of sanpling sites);
relative density was cal cul ated based on a species density relative to tota

pl ant densities; a "nean density where present" was cal cul ated for each
species (sum of a species' density ratings / number of sanmpling sites at which
t he species occurred) (Appendix VI-X). The relative frequency and rel ative
density was sumed to obtain a Dom nance Val ue (Appendi x Xl - XV)

Sinpson's Diversity Index was cal cul ated (Appendix I-V) to neasure species
diversity and Coefficients of Community Simlarity were cal cul at ed.

The Aquatic Macrophyte Conmunity I ndex (AMCI) devel oped by Weber et. al

(1995) was applied to Lake Hallie. Values between O and 10 are given for each
of six categories that characterize the quality of the aquatic nmacrophyte
conmuni ty.

Floristic Quality Index evaluates the closeness of an aquatic plant community
to an undisturbed condition (Nichols 1998). A Coefficient of Conservatism (C)
is an assigned value, 0-10, based on the probability that a species will occur
in a relatively undisturbed habitat. The Average Coefficient of Conservatism
(&) is the mean of the coefficients of conservatism for all species found in a
lake. Floristic quality (I), calculated from the coefficients, is a measure
of plant community’s closeness to an undisturbed condition.
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1. RESULTS

PHYSI CAL DATA
Many physical paraneters are inportant determ nants of the type
of macrophyte conmmunity that will ultimately inhabit a | ake.
Water quality (nutrient concentrations, algae growmh, clarity,
pH) inpact the macrophyte comunity as the macrophyte comrunity
can in turn nodify these paranmeters. Lake Mrphol ogy, sedi nent
conposition and shoreline |land use al so inpact the macrophyte
comunity.

WATER QUALITY - The trophic state of a |ake is an indication
of its water quality. Phosphorus concentration, chlorophyll
concentration, and water clarity data are collected and conbi ned
to determine the trophic state.

Eutrophic | akes are high in nutrients and support a | arge

bi onmass.

Aigotrophic |lakes are lowin nutrients and support limted plant
grow h and smaller fish popul ations.

Mesotrophi c | akes have internediate | evels of nutrients and
bi onmass.

Nutrients
Phosphorus is a limting nutrient in many Wsconsin | akes. So,
i ncreases in phosphorus in a | ake can feed al gae bl oons and
excess plant grow h.
2001 nean sunmer phosphorus in Lake Hallie was 23 ug/l.
The summer phosphorus ranged from 22 ug/|-25ug/l (Appendix X 1I).
This concentration of phosphorus in Lake Hallie was indicative of
a nesotrophic | ake (Table 2). Phosphorus has decreased since
1991.



Table 2. Trophic Status

Quality Phosphorus Chlorophyll | Secchi Disc

Index ug/1 ug/1 ft.
Oligotrophic Excellent <1 <1 > 19
Very Good 1-10 1-5 8-19
Mesotrophic Good 10-30 5-10 6-8
Fair 30-50 10-15 5-6

Eutrophic
Poor 50-150 15-30 3-4
Hypereutrophic Very Poor >150 >30 >3
Lake Hallie 1991 Good 30 8.67 8.4
Lake Hallie 2001 Good 23 5.67 6.8

After Lillie & Mason (1983)
Shaw et. al. (1993)

Al gae
Measuring the concentration of chlorophyll in the water gives an
i ndication of algae levels. Algae is natural and essential in
| akes, but high algae levels can increase turbidity and reduce
the light available for plant grow h.
2001 nean summer chlorophyll in Lake Hallie was 5.67 ug/l.
Chl orophyl | concentrations also indicate that Lake Hallie was a
mesot rophic | ake (Table 2). The chl orophyll (al gae) concentration
in Lake Hallie has decreased since 1991.

Water Clarity
Water clarity is a critical factor for plants. Wen plants
receive less than 1 - 2% of the surface illum nation, they can
not survive. Water clarity is reduced by turbidity (suspended
materials such as algae and silt) and dissol ved organic chem cal s
that color the water. Water clarity can be neasured with a
Secchi disc that shows the conbined inpact of turbidity and
col or.
2001 Mean sunmer Secchi Disc Clarity was 6.8 ft.
The water clarity indicates that Lake Hallie was a nesotrophic
| ake that had fair water clarity in 2001 (Table 2).
Water clarity has decreased since 1991 (Table 2). Water clarity
data can be used to calculate a predicted maxi mrumrooting depth
for plants in the | ake (Dunst 1982).
Based on the clarity, the predicted maxi mumrooting depth was 11
ft. in the Lake Hallie.

George Wanserski has been nmonitoring the water clarity in Lake
Hal lie since 1995 as a volunteer | ake nmonitor in the Self-Help
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Lake Monitoring Program The Self-Help Vol unteer Monitoring data
i s val uabl e because the volunteer collects data nore frequently

t hroughout the season and for nore consecutive years than
Department of Natural Resource nonitoring.

George Wanserski's data showed that the mean water clarity was

greatest in 1996 (10.5 feet). The 1997 nmean clarity decreased to
7.3 feet (Figure 1). Water clarity has been increasing since
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Figure 1. Mean water clarity in Lake Hallie, 1995-2001.

The data coll ected by George Wanserski al so shows that the
clarity changes during the season. The 1995-2001 nean clarity
for each week increases early to the greatest clarity in Late-
May. The clarity decreases to its |lowest clarity in Late-July.
The clarity increases again to a second maxi mumin Late- Sept enber
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and remains fairly constant during the autum (Figure 2).
Figure 2. Changes in nean clarity during the season, 1995-2001.

The rel ati onshi p between phosphorus concentration, chlorophyll
concentration, and water clarity indicates the trophic status of
a |l ake. These values for Lake Hallie would indicate that it is a
nmesot rophic | ake with good water quality. This trophic state
favors noderate | evels of plant or al gae grow h.

Al though the trophic state paraneters indicate that Lake Hallie
woul d be consi dered a nesotrophic | ake, the dense growt h of
aquatic plants suggests a eutrophic shallow | ake currently in the
aquatic plant dom nated phase.

pH
The pH of a |l ake indicates the acidity or alkalinity of the
wat er .
The 2001 nmean summer pH of the surface water in Lake Hallie was
8. 4.
This favors plant species adapted to al kaline/neutral conditions.

LAKE MORPHOMETRY - The norphonetry of a |lake is an inportant
factor in determning the distribution of aquatic plants. Duarte
and Kal ff (1986) found that the slope of the littoral zone could
explain 72% of the observed variability in the growh of
subnerged plants. GCentle slopes support nore plant grow h than
steep slopes (Engel 1985). Lake Hallie has a narrow, V-shape
basin, and a nean depth of 6 feet. Most of the basin has a
gradually sloped littoral zone. The gradual slope and shal |l ow
dept hs of Lake Hallie favor abundant plant grow h.

SEDI MENT COMPCSI TION - Many plants depend on the sedinent in
which they are rooted for their nutrients. The richness or
sterility of the sedinent will determ ne the type and abundance
of macrophyte species that can survive in a |ocation.

Silt sediment was the predom nant sedinent in Lake Halli e,
especially in the deeper depth zones (Table 3). Silt occurred at
slightly nore than half of the sanple sites (Table 3). The

avai lability of mneral nutrients for growh is highest in

sedi nments of internmedi ate density, such as silt (Barko and Smart
1986) .

Sand, gravel and rock are high density sedinents. Sand, rock and
m xtures of the two were predom nant in the shallow zone. Al

sedi ment types supported vegetation at high frequencies in Lake
Hal i e.
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Tabl e 3. Sedi nent Conposition
0-1.511.5-5] 5-9 ft 9-10.5 Overall

ft ft ft
Soft Silt 12% 38% 100% 100% 49%
Sediments | Peat 6% 2%
Mixed Sand/Silt 6% 44% 17%
Sediments
Hard sand 44% 123 193

Sediments | Sand/Gravel 19%

()
o°
Isy (00]
o°

o°

Rock 12%

SHORELI NE LAND USE - Land use practices strongly inpact the
aquatic plant community and, therefore, the entire aquatic
community. Practices on shore can directly inpact the plant
communi ty through increased sedinentation from erosion, increased
nutrients fromfertilizer run-off and soil erosion and increased
toxics fromfarm and and urban run-off.

Nati ve her baceous cover was the nost frequently encountered
shoreline cover at the transects. Shrub, wooded and cultivated
| awmn were al so comonly encountered (Table 4). Cultivated |awn
had the highest nean coverage, it covered nore than one-third of
the shoreline (Table 4).

Table 4. Shoreline Land Use

Cover Type Frequency of Mean %
Cccurrences at Cover age
Transects

Nat ur al Nati ve Her baceous 75% 15%
shoreline I b 50% 15%
Woded 44% 32%
Di sturbed | Cultivated Lawn 56% 38%
Shoreline e ded Soil 6% 0. 3%
Hard Structures 6% 1%

Sone type of natural shoreline (wdoded, shrub, native herbaceous)
was found at all of the sites and covered of 62% of the
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shoreline. Sone type of disturbed shoreline (cultivated |awn,
eroded and hard structures) was found at 62% of the sites and
covered 39% of the shoreline.

MACROPHYTE DATA

SPECI ES PRESENT
A total of 32 species was found in Lake Hallie. O the 32
species, 14 were energent species, 4 were a floating-Ieaf
speci es, and 14 were subnergent species (Table 5).

No endangered or threatened species were found.

One speci es of special concern was found in 1991: El eocharis
r obbi nsii.

One non-native species was found: Potanbgeton crispus

Table 5. Lake Hallie Aquatic Plant Species

Scientific Nane Common_Nane |. D Code
Emer gent Speci es
1) Calla palustris L. wat er arum cal pa
2) Carex conpbsa F. Boot. bristly sedge carco
3) Eleocharis robbinsii Cakes. Robbi n" s spi kerush elero
4) Inpatiens biflora . pal e j ewel weed i mpb
5) Iris versicolor L. blue flag iris irive
6) Juncus effusus L. soft rush j unef
7) Leersia oryzoides (L.) Swartz. rice cut-grass | eeor
8) Myosotis |axa Lehm snal | er forget-ne-not nyol a
9) Phal aris arundi nacea L. reed canary grass phaar
10) Rorippa nasturtiumaquatica (L.) Hay. water-cress rorna
11) Sagittaria rigida Pursh. stiff arrowhead sagri
12) Scirpus validus Vahl. sof t stem bul rush sciva
13) Typha angustifolia L. narrow-leaf cattail typan
14) Typha latifolia L. conmon catt ail typl a
Fl oati ng Species
15) Lemma m nor L. smal | duckweed | erm
16) Lemna trisulca L. forked duckweed lemtr
17) Spirodel a polyrhiza (L.) Schleiden. greater duckweed spi po
18) Wbl ffia col unbi ana Karsten. conmon wat er neal wol co
Subner gent Speci es
19) Cerat ophyl | um demer sum L. coont ai | cerde
20) Chara sp. nmuskgr ass chasp
21) Elatine mnima (Nutt.) Fisch. & Meyer waterwort el am
22) Eleocharis acicularis (L.) Roener & Schultes.

needl e spi kerush el eac
23) El odea canadensi s M chx. conmon wat er - weed el oca
24) Najas flexilis (Wlld.) R & S. northern wat er-nynph naj f
25) Nitella sp. nitella nitsp
26) Pot ampbgeton anplifolius Tuckerman. | ar ge- 1 eaf pondweed pot am
27) Pot anpbgeton crispus L. curly-1leaf pondweed pot cr
28) Pot anogeton foliosus Raf. | eafy pondweed potfo
29) Pot anpbgeton pusillus L. sl ender pondweed pot pu
30) Pot anbget on robbinsii OCakes. fern-1eaf pondweed potro
31) Potamogeton zosteriformis Fern. flatstem pondweed potzo
32) Ranunculus longirostris Godron. white watercrowfoot ranlo
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FREQUENCY OF OCCURRENCE
O the 32 species found in Lake Hallie, 19 occurred at sanpling
sites in 1991; 14-18 species occurred at the sanpling sites in
1998; 20-21 occurred at the sanpling sites in 2001.

The species with the highest frequency of occurrence in al
surveys was El odea canadensis (Table 6). Potanogeton robbinsi
has i ncreased since 1991; Chara and Spriodel a pol yrhiza have
decreased since 1991.

The frequency of Potanpbgeton crispus has been higher during June
surveys: P. crispus increased in 1998, but declined substantially
in 2001 (Table 6).

Tabl e 6. Mdst frequently occurring species
Jul ' 91 Jun' 98 Jun'01 Aug' 98 Aug’ 01

El odea canadensi s 94% 88% 94% 86% 88%
Cer at ophyl | um dener sum 29% 4% 51% 14% 59%
Chara sp. 73% 8% 4% 30%

Pot anbget on crispus 14% 73% 40% 24% 4%
Lemma m nor 65% 25% 34% 26% 49%
Wl ffia colunbiana 63% 25% 49% 36% 86%
Spi rodel a pol yrhiza 55% 6% 6% 4%
Pot anbget on robbi nsi i 12% 66% 46% 78%

Fi | ament ous al gae occurred at 100% of the sanple sites in 1991.
67% of the sites in June 1998.
69% of the sites in August 1998.
96% of the sites in June and August 2001

DENSI TY
El odea canadensis had the highest nean density (2.44-3.33 on a
density scale of 1-4) of any species in Lake Hallie (Table 7),
except in August 2001; Wl ffia colunbiana had the highest nean
density (2.69) in August 2001.

The density of Potanpbgeton crispus decreases from June to August.
P. crispus density has decreased substantially since 1998 (Table

7). Since 1991, the density of Potanobgeton robbinsii has

i ncreased substantially and Chara has decreased substantially

(Table 7).
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Table 7. Species with the highest nean density.
Jul' 91 Jun' 98 Jun’ 01 Aug' 98 Aug’ 01

El odea canadensi s 3.33 2. 44 3.06 3.20 2.69
Cer at ophyl | um densersum 0. 45 0. 06 1.17 0.20 1.24
Chara sp. 2. 47 0.13 0.04 0.56

Pot anbget on cri spus 0. 27 2.21 0.72 0.40 0. 04
Wl ffia col unbi ana 1.63 0.73 1.74 1.08 2.96
Lemma m nor 1.12 0.75 0.85 0.56 0. 86
Pot anbget on robbi nsi i 0 0. 25 1.70 1.00 2.35

DOM NANCE
Conmbi ning rel ative frequency and relative density into an
dom nance val ue indicates the dom nance of species within the
macr ophyte community (Appendi x X-XV). Based on the dom nance
val ue, El odea canadensis was the dom nant species within the
macr ophyte comunity in 1991 and through the early sunmer of 2001
(Figure 3). Wlffia colunbiana becane the dom nant species in
August 2001.

Pot anbget on cri spus was sub-dom nant during June 1998 (Figure 3).
The dom nance of P. crispus decreased in August surveys due to
its early season life cycle. 1Its dom nance al so decreased in
2001.

Chara sp., which has declined in dom nance, requires good water
clarity. Potanopgeton robbinsii has increased in dom nance,
becom ng sub-dom nant since |late summer of 1998 (Figure 3). The
sum of the other species' dom nance has decreased, suggesting

| onered diversity.
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1991
Ceratophyllum
August 1998

Chara Other species Ceratophyllum

Other species

Chara

Elodea

P. crispus
P. robbinsii

August 2001

Other species

Ceratophyllum
Chara

Wolffia

Elodea

P. crispus

June 19%89ratophyllum June 2001

Other species Chara Other species Ceratophyllum

Chara

Wolffia Elodea
Wolffia
Lemna Lemna
o P. crispus
P. robbinsii P. crispus

Figure 3. Dom nance within the macrophyte conmunity, of
preval ent aquatic plants.
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DI STRI BUTI ON
Aquatic plants were found grow ng at 94 - 100% of the sanpling
sites in Lake Hallie. The preval ent species were found
t hroughout the Lake Hallie and all depth zones have had a high
per cent age of vegetated sites (90%or nore) in all studies
Cer at ophyl | um denersum Chara, El odea canadensi s and Pot anoget on
crispus, P. robbinsii were found at the maxi mum rooting depth of
11.5 ft.

The 0-1.5 ft. depth zone had the highest total occurrence and
total density of plants, in all studies (Figure 4, 5). The
occurrence and density of macrophyte growh decreased with
i ncreasi ng depth. The highest total occurrence and density of

o
o 100
c *—
=
8 & —— Jun-98
9 —A— Aug-98
5§ % Jun-O1
Q20 —¥— Aug-01
[ \.
Ig 0 ‘
Zone1l Zone2 Zone3 Zone4
Depth Zone
plant growth in all depth zones occurred in July 1991.
Figure 4. Total occurrence of plants by depth zone
250
2
@ 200 - —— 1991
8 150 | A\L _-_Jun-98
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8 100 -
o —>¢— Jun-01
g 50 —%— Aug-01
[
0
Zone1 Zone2 Zone3 Zone4

Depth Zone
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Figure 5. Total density of plants by depth zone.

The frequencies and densities of individual species varied in
different years and with depth zone. Potanpgeton crispus occurred
at its highest frequency and density in June 1998 (Figure 6, 7)
when it was the dom nant species at depths greater than 5ft.
Because of its |life cycle, P. crispus has been nore frequent and
dense in June than in August in both 1998 and 2001. The
frequency and density of P. crispus was |owest in 2001,
especially in August. The |ate sumrer decrease in frequency and
density of P. crispus followed a different pattern in 1998 and
2001. The greatest decrease of P. crispus was in the shall ower
depth zone in 1998 (likely due to the colder water in the deeper
zones). The greatest was in the deeper depth zones in 2001
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(likely due to the harvesting).

Figure 6. Frequency of Potanpbgeton crispus by depth zone.
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Figure 7. Density of Potanpbgeton crispus by depth zone.

El odea canadensi s was the dom nant species overall in each study
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(Figure 8, 9) and the dom nant species in the 1.5-5ft depth zone.

Figure 8. Frequency of El odea canadensis by depth, 1991-2001.
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Figure 9. Density of Elodea canadensis by depth, 1991-2001.

Chara sp. has steadily declined in Lake Hallie, first in the
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shal | ower depth zones (Figure 10, 11). It was not found in
August 2001.
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Figure 10. Frequency of Chara sp. by depth zone, 1991-2001.
Figure 11. Density of Chara sp. by depth zone, 1991-2001.

The conbi ned densities of all the duckweed species (Lemma m nor,
Spi rodel a pol yrhiza, Wl ffia col unbi ana) decreased from 1991-1998
(Figure 12). From 1998-2001, the density of the duckweed species
have increased. The frequency and density of duckweeds have been
greatest in the 0-1.5 ft. depth zone. W colunbi ana becane the
dom nant species in the shallow zone in 2001.
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Figure 12. Density of duckweed species by depth zone.

Pot anbget on robbinsii did not occur at the sanple sites in 1991,
but its frequency and density has been steadily i ncreasing,
epsecially in the deeper depth zones (Figure 13, 14). In June
2001, P. robbinsii was co-dom nant in the 10ft depth zone. 1In
August 2001, it was co-domnant in the 1.5-5ft depth zone and
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dom nant in the 5-10ft depth zone.

Figure 13. Frequency of Potanpbgeton robbinsii by depth zone.
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Figure 14. Density of Potanpbgeton robbinsii by depth zone.

In 1991, C denersum had been the dom nant species in the 10ft
depth zone. In 1998, the frequency of Ceratophyl!|um demersum had
decreased at the sanple sites (Figure 15, 16). In 2001, the
frequency and density of C. denersumincreased to its highest
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frequency and density (Figure 15, 16).
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Figure 15. Frequency of Ceratophyl!lum denersum by depth zone.

22



4.0

2 3.0 —e— 1991
2 —m—Jun-98
8 2.0 - —A—Aug-98
S —>¢—Jun-01
é’ 1.0 —k— Aug-01
0.0 | ‘ A :
Zone1 Zone2 Zone3 Zone4
Depth Zone

Figure 16. Density of Ceratophyllum demersum by depth zone.

THE COVMMUNI TY
The Coefficients of Comunity Simlarity is a nmeasure of the
percent simlarity between two conmmunities. Coefficients |ess
than 0.75 indicate that the two communities are only 75% sim | ar
and are considered significantly different.

The coefficients for Lake Hallie indicate that the |ate sumer
aquatic plant conmmunities were significantly different each year
(Table 8). The 1991 and 1998 comunities were only 63% simlar
and the 1998 and 2001 August plant communities were only 66%
simlar. The change in the late sumer plant comrunities
accunul ated over the ten years so that the 1991 and 2001
comunities were only 53% simlar (Table 8).

The early summer (June) aquatic plant comunities have al so
changed significantly. The June 1998 and June 2001 pl ant
comunities were only 65% simlar (Table 8).

The plant communities in Lake Hallie change during the year due
to the dom nance and | ater die-back of Potanpbgeton crispus. In
1998, there was a significant change, as expected, in the plant
community with the die-back of P. crispus; the June and August

pl ant comunities were only 70% simlar. However, in 2001, there
was not a significant change; the June and August plant
comunities were 78% simlar (Table 8).
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Table 8. Coefficients of Community Simlarity

Coefficient | % Simlarity
Late Summrer Plant Conmunity
1991-98 0. 6301 63%
1998- 2001 0. 6602 66%
1991- 2001 0. 5267 53%
June Pl ant Community
1998- 2001 0. 6475 65%
June- August
1998 0. 6963 70%
2001 0.7799 78%

D fferent paranmeters and indices can be used to determ ne what
changes have occurred in the plant community. In Lake Hallie,
several paraneters decreased from 1991 to 1998 and subsequently
i ncreased from 1998-2001: the nunber of species at the sanpling
sites, the percent of the littoral zone that was vegetated, the
percent coverage of energents, subnergent and free-floating
species and the Floristic Quality (discussed later in this
docunent) (Table 9).

Sinpson's Diversity |Index decreased from good diversity in 1991
to average diversity in 2001. An index of 1.0 would nean that

each individual plant in the | ake was a different species (the

nost diversity achievabl e).

Table 9. Changes in the Lake Hallie Macrophyte Conmunity

1991 1998 | 2001 Change %
1991- 2001 | Change
Nunmber of Speci es 19 14 20 1 5%
% Littoral Zone Vegetated 100 94 100 0 0
YSites w Energernts 14 4 20 6 43%
%5 tes w Subnergernts 98 94 96 -2 -2%
¥Sites w Free-floating 69 42 88 19 28%
Sinpson’s Diversity Index | 0.89 | 0.85 | 0.84 -0.05 - 6%
Floristic Quality 19.8 17.8 | 20.5 0.76 4%

The Aquatic Macrophyte Community I ndex (AMClI) for Lake Hallie was
slightly bel ow average (40) for |lakes in Wsconsin in 1991 and
early 1998. The quality increased to average in |ate sunmer 1998
and above average quality in early 2001 (Table 10). The highest
value for this index is 60.




Tabl e 10. Aquatic Macrophyte Conmunity | ndex

Category July June August June August
1991 1998 1998 2001 2001
Maximum Rooting 6 6 6 6 6
Depth
% Littoral Zone 10 10 10 10 10
Vegetated
Simpson's Diversity 9 8 9 9 8
# of Species 5 5 3 7 7
% Submersed Species 7 8 8 7 5
% Sensitive Species 0 0 4 4 4
Totals 37 37 40 43 40

The Average Coefficients of Conservatism for Lake Hallie, 1991-
2001, were in the lowest quartile for all Wisconsin lakes and
lakes in the North Central Hardwood Region (Table 11). This
indicates that Lake Hallie was in the group of lakes that are
most disturbance tolerant, likely from being subjected to
disturbance.

Table 11. Mean Coefficient of Conservatism and Floristic Quality
of Little Falls Lake, Compared to Wisconsin Lakes and Region

Lakes.
(C) (1) (I)
Average Floristic Quality | Based on
Coefficient of Relative
Conservatism Frequency
Wisconsin 5.5, 6.0, 6.9% | 16.9, 22.2,
Lakes 27.5%
NCHF 5.2, 5.6, 5.8%|17.0, 20.9, 24.4%*
1991 4.94 19.75 19.83
June 1998 4.44 17.75 12.76
August 1998 4.92 17.75 16.62
June 2001 4.83 20.51 17.65
August 2001 4.83 20.51 19.95

* upper limit of lower quartile, mean, lower limit of upper quartile

Average Coefficient of Conservatism for all Wisconsin lakes ranged from a low
of 2.0 (the most disturbance tolerant) to a high of 9.5 (least disturbance
tolerant) .

The lowest Floristic Quality was 3.0 (farthest from an undisturbed condition)
and the high was 44.6 (closest to an undisturbed condition).

The North Central Hardwood Forest Region (NCHF) is the region in which Lake
Hallie is located.
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The Floristic Quality Index for Lake Hallie (1991-2001) was below
the mean for Wisconsin Lakes and for lakes in the North Central
Hardwood Region (Table 11). This indicates that Lake Hallie was
farther from an undisturbed condition than the average lake in
Wisconsin and the North Central Hardwood Region. The disturbance
appears to have increased during 1998 and decreased in 2001.

Disturbances can be of many types:

1) Direct disturbances to the plant beds result from boat
traffic, plant harvesting, chemical treatments, the
placement of docks and other structures, etc.

2) Indirect disturbances can be the result of factors that
impact water clarity and thus stress species that are
more sensitive: resuspension of sediments, sedimentation
from erosion, increased algae growth due to nutrient
inputs.

3) Biological disturbances include the introduction of a
non-native or invasive plant species, grazing from an
increased population of aquatic herbivores, destruction
of plant beds by the fish population, etc.

These values and conclusions were based only on the occurrence of
disturbance-tolerant and disturbance-sensitive species. The
frequency or dominance of these tolerant or sensitive species in
the plant community in Lake Hallie was not taken into
consideration. The Floristic Quality was recalculated by
weighting each species Coefficient of Conservatism with its
relative frequency.

The resulting values, based on the relative frequency of tolerant
and intolerant species, provides more detail. The plant
community in Lake Hallie was below the mean for all Wisconsin
lakes and all North Central Hardwood Region Lakes in 1991, in the
lowest quartile in 1998 and below the mean in 2001. The
Floristic Quality decreased from 1991 to 1998 and increased in
2001, indicating an increased disturbance in 1998 and decreased
disturbance in 2001.
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V. DI SCUSSI ON

Based on 2001 water quality data, Lake Hallie is a nmesotrophic

| ake with good water quality and fair water clarity. However,
the dense growth of filanmentous al gae and aquatic plants indicate
a eutrophic | ake. Filanentous al gae was abundant in Lake Hallie
and has increased since 1991.

Water nonitoring conducted by the DNR in 1991 and 2001 indicate
that the nutrient concentrations and pl anktoni c al gae have
decreased since 1991. 1In spite of the decrease in nutrients and
pl anktoni ¢ al gae, the water clarity has decreased during the sane
time period. There may be siltation and erosion problens that
are inpacting water clarity.

Al though water clarity has declined overall since 1991, vol unteer
nmonitoring data indicates that water clarity has been increasing
since 1997. The aquatic plant harvesting program may be renoving
enough plant material to decrease nutrient rel ease and therefore
i nprove water clarity.

The Pl ant Conmunity

The adequate nutrients, high frequency of favorable silt

sedi nents, gradual -sloped littoral zone and shall ow depths over
much of the |ake favor plant grow h.

The aquatic plant comunity in Lake Hallie is characterized by

hi gh density of growh, an average diversity, average quality
(AMCl ndex) and a greater than average tol erance to disturbance.
Dense plant growth is found throughout Lake Hallie to the maxi mum
depth of the | ake; aquatic plants were found at 94-100% of the
sites and nore than 90% of the sites in all depth zones. The

hi ghest occurrence and density of plants was found in the July
1991 survey and in the 0-1.5 foot depth zone in all surveys. The
nost preval ent species are found throughout the | ake.

El odea canadensi s (conmon wat erweed) has been the dom nant pl ant
species in Lake Hallie, especially in the 1.5-5ft depth zone;

Wl ffia colunbiana (waterneal) becane the dom nant species in
August of 2001. Common waterweed is adapted to |low water clarity
due to the placenent of its chloroplasts near the |eaf surface;
waternmeal is adapted to low clarity because of its growh on the
surface of the water.

Pot anbget on crispus (curly-I|eaf pondweed) was the sub-dom nant
pl ant species in June 1998. The dom nance of this non-native
speci es declined in August and in 2001. The frequency and
density of P. crispus declined substantially since June 1998.

Changes in the Plant Comrunity
The plant community in Lake Hallie has changed significantly,
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both during the year and fromyear to year.

JUNE TO AUGUST CHANGES

A plant community with abundant Potanbgeton crispus (curly-I eaf
pondweed) woul d be expected to change significantly fromJune to
August due to the early sumer dom nance and m d- sunmer di e-back
of the P. crispus. Curly-leaf pondweed survives the w nter under
the ice and resunmes growh early in the year while the water is
still cold. This provides a head start for growh. As the water
tenperature rises in early June, curly-leaf reaches its peak
growt h, produces turions (seed-like structures) and undergoes a
di e-back. The turions will sprout in the fall when water
tenperatures cool and these sprouts live through the w nter under
the ice. 1In 1998, the June plant comunity was only 70% sim | ar
to the August community with the decline of Potanpgeton crispus

| east noticeable in the deeper depth zones. This is |ikely due
to the colder water in the deeper zones that could support it
further into the sunmer.

The June plant communities have changed. The June 1998 comunity
was only 65%simlar to the June 2001 community and the June and
August plant conmmunities in 2001 were not significantly
different. This suggests that the curly-Ileaf pondweed has
declined to the extent that it may not be inpacting the plant
community as it once did. The June to August decline of P.
crispus in 1998, though not sufficient to cause a significant
change in the plant community, was nost noticeable in the deeper
depth zones, likely due to nechanical harvesting.

CHANGES AMONG YEARS

The August plant conmunities have changed significantly. The
Lake Hallie plant community in 2001 was only 66% simlar to the
1998 community and only 53% simlar to the 1991 plant comunity,
based on the Coefficients of Conmunity Simlarity.

Sinpson's Diversity Index indicates that the diversity of aquatic
pl ant species in Lake Hallie declined fromgood diversity in 1991
to average diversity in 1998 and 2001. Although the diversity

i ndex has decreased, the nunber of species at the sanpling sites
has i ncreased.

O her changes in the plant community in Lake Hallie from 1991 to

2001:

1) The decrease in Chara sp. (nuskgrass) and Spriodel a pol yrhiza
(greater duckweed).

2) The increased dom nance of Potanpbgeton robbinsii (fern-Ieaf
pondweed) .

3) An increase in the quality of the plant conmunity as neasured
by the AMCI ndex.

4) The decrease in total occurrence and density of aquatic plant
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gr owt h.

Sonme changes may be attributable to the mechani cal harvesting.
These paraneters decreased from 1991 to 1998 as the curly-Ieaf
pondweed was becom ng nore domi nant in Lake Hallie and
subsequently increased from 1998 to 2001 after the nechanica
harvesting programwas put into effect.

a) nunber of species occurring at the sanple sites

b) Floristic Quality Index (which suggests and increase and

t hen decrease in disturbance)

Pot anmbget on crispus (curly-I|eaf pondweed) nmay have been

determ ning the conposition of the aquatic plant conmunity in
Lake Hallie via light availability to other species and cycling
of nutrients into the |ake during the growi ng season.

Li ght availability would be decreased by the early season

dom nance and shadi ng of the other species of curly-Ileaf pondweed
and the lower water clarity resulting fromalgae growh after its
di e-back. Many of the species in Lake Hallie (Ceratophyl|um
denmersum El eocharis acicularis, Elodea canadensis, Lemma ni nor,
Pot anobget on foliosus, P. pusillus, Sagittaria, Spirodela

pol yrhi za, Typha latifolia) are tolerant of |ower water clarity.

The nutrient release fromthe decaying curlyleaf pondweed cycl es
nutrients into the | ake during the grwoing season.

Cer at ophyl | um denersum Chara, El odea canadensis, Lema m nor,
Pot anbget on robbi nsii and Spirodel a polyrhiza can grow to over-
abundance when there is an excess of nutrients in the |ake

(Ni chols and Vennie 1991).

El eochari s robbinsii has disappeared fromLake Hallie. It is a
speci es of special concern and may be a sensitive species whose
decline may indicate disturbance.

Pot anpbget on anplifolius is considered an indicator of good water
clarity and has increased slightly since 1998. Its increase my
i ndicate the renoval of curly-leaf pondweed is reduci ng shadi ng
when it first sprouts.

The occurrence of natural shoreline (wboded, shrub and native
her baceous growth) on Lake Hallie was high. Native herbaceous
cover occurred at three-quarters of the sites. Al though natural
shoreline was frequent, cultivated | awn occurred at nore than
hal f of the sites and covered nore than one-third of the shore.
Cultivated lawn can result in increased run-off of fertilizers,
pet wastes and other nutrients. Expanding and preserving the
buffer of natural vegetation along the shore will protect the
water quality of the lake fromtoxic run-off, nutrient run-off
and erosion.
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VI . CONCLUSI ONS

Lake Hallie is a eutrophic |lake with good water quality, fair
water clarity, periodic planktonic al gae bl oons and abundant
fil ament ous al gae.

The plant community in Lake Hallie is of average quality for

W sconsin | akes and is characterized by average diversity, dense
pl ant growth and a greater than average di sturbance to the pl ant
community. Because of the good water clarity and shal | ow basin,
vegetation can colonize the entire | ake bed and will require
managenent. The aquatic plant conmunity has changed
significantly since 1991.

El odea canadensi s has been the dom nant species within the plant
community and curly-Ieaf pondweed is sub-dom nant during its peak
growh in June. Wl ffia col unbi ana becane the dom nant species
i n August 2001.

Several changes have been seen since the harvesting program began

in 2000.

1) Water clarity has increased since 1997.

2) The dom nance of Potanpgeton crispus has decreased,
especially in the deeper depth zones

3) The Floristic Quality has increased, suggesting the
harvesting is causing | ess disturbance to the plant comunity
than the dom nance of P. crispus caused

4) Less significant change between the June and August pl ant
communities, inplying the P. crispus is having | ess inpact on
the aquatic plant comunity

5) The nunber of species at the sanpling sites has increased

6) The frequency of Potanpbgeton anplifolius, an aquatic plant
that is valuable for habitat, has increased.

A heal thy aquatic plant conmmunity plays a vital role within the

| ake conmunity. This is due to the benefits that plants provide
in

1) inproving water quality 2) providing valuable resources for

fish and wldlife 3) resisting invasions of non-native species

and 4) checking excessive growh of tolerant species that could
crowd out the nore sensitive species, therefore reducing the

di versity.

1) Plant conmunities inprove water quality in many ways: they
trap nutrients, debris, and pollutants entering a water body;

t hey absorb and break down some pollutants; they reduce erosion
by danpi ng wave action and stabilizing shorelines and | ake
bottons; they renove nutrients that woul d otherw se be avail abl e
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for al gae bl oons (Engel 1985).

2) Aquatic plant comrunities provide inportant fishery and
wldlife resources (Table 12). Plants (including al gae) start
the food chain that supports many levels of wildlife, and at the
sane tinme produce oxygen needed by animals. Plants are used as
food, cover and nesting/spawning sites by a variety of wildlife
and fish. Cover within the littoral zone should be about 25-85%
to support a healthy fishery.

The plant growth in Lake Hallie in 2001 provi ded 100% cover
within the littoral zone for habitat. This anount of plant
growt h provi des over-abundant cover and may limt fish and
wildlife use.

Conpared to non-vegetated | ake bottons, plant beds support

| arger, nore diverse invertebrate populations that in turn wll
support larger and nore diverse fish and wildlife popul ations
(Engel 1985). Additionally, m xed stands of plants support 3-8
times as many invertebrates and fish as nonocul tural stands
(Engel 1990). Diversity in the plant conmunity creates nore

m crohabitats for the preferences of nore species. Plant beds of
noder at e density support adequate nunbers of small fish wthout
restricting the novenent of predatory fish (Engel 1990).

Managenment Recommendati ons

1) Preserve and expand the natural buffer zones of native
vegetation around the lake. This will benefit water quality
and wldlife habitat. Replace nowed |awn at the shoreline
with a buffer of natural vegetation 50 feet deep.

2) Cooperate with programs to manage run-off and erosion in the
watershed.

3) Develop an aquatic plant management plan. Include mechanisms
for modifications as the plant community changes.

4) Develop a lake association budget that will provide funds for
repair and maintenance of the harvester and pay harvester
operators.

5) Continue the mechanical harvesting program during the early
season to remove curly-leaf pondweed from Lake Hallie before
its die-off and thus the nutrients that are rel eased during
t he di e-back. Reducing this nutrient source may eventually
reduce the al gae bl oons.

6) Harvest in mid and late summer in dense plant beds to improve
habitat.

a) Harvesting inproves fish habitat by opening up cruising
| anes for predatory fish. These openings inprove the
hunting success of the predatory fish and pronote a
better bal anced fishery.

b) Avoid harvesting in areas with valuable habitat plants

c) Harvesting will imredi ately open areas for easier
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boati ng.

Lake Hallie's proximty to an urban area nmakes it an inportant
resource that deserves protection. These practices will protect

the water quality and wildlife habitat

Lake Hallie Aquatic Plant Species

in the | ake.

Scientific Nane Common_Nane |. D Code
Emer gent Speci es
1) Calla palustris wat er arum cal pa
2) Carex conpsa bristly sedge carco
3) Eleocharis robbinsii Robbi n" s spi kerush el ero
4) Inpatiens biflora pal e j ewel weed i mpb
5) Iris versicolor blue flag iris irive
6) Juncus effusus soft rush j unef
7) Leersia oryzoides rice cut-grass | eeor
8) Myosotis | axa snal | er forget-ne-not nyol a
9) Phal ari s arundi nacea reed canary grass phaar
10) Rorippa nasturtiumaquatica wat er - cr ess rorna
11) Sagittaria rigida stiff arrowhead sagr
12) Scirpus validus sof t stem bul rush sciva
13) Typha angustifolia narrow—-leaf cattail typan
14) Typha latifolia conmon catt ai l typl a
Fl oati ng Species
15) Lemma m nor smal | duckweed | enm
16) Lemna trisulca forked duckweed lemtr
17) Spirodel a pol yrhiza greater duckweed spi po
18) Wl ffia col unbi ana conmon wat er neal wol co
Subner gent Speci es
19) Cerat ophyl | um denmer sum coont ai | cerde
20) Chara sp. nmuskgr ass chasp
21) Elatine mnim wat er wor t el am
22) El eocharis acicularis needl e spi kerush el eac
23) El odea canadensi s conmon wat er - weed el oca
24) Najas flexilis northern water-nynph naj fl
25) Nitella sp. nitella nitsp
26) Pot anpbgeton anplifolius | ar ge- 1 eaf pondweed pot am
27) Pot anpbgeton cri spus curly-1leaf pondweed pot cr
28) Pot anpbget on foliosus | eafy pondweed potfo
29) Pot anoget on pusillus sl ender pondweed pot pu
30) Pot anpbget on robbinsii fern-1eaf pondweed potro
31) Potamogeton zosteriformis flatstem pondweed potzo
32) Ranunculus longirostris white watercrowfoot ranlo
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